Natural habitat and behaviour
T he domestic fowl is derived from the Burmese Red Jungle fowl (G a ll us ga llus ). Domesticat ion, probably for cock® ghting and as a sacri®cial bird, began more than 5000 years ago. Despite the lengthy dom estication period, dom estic fowl retain much of the biology and behaviour of Jungle fowl, and modern breeds have been successfully reestabl ished in the wild (McBride e t a l. 1969 ). Consideration of the ecology and behaviour of Jungle fowl is therefore a useful starting point for predicting the requirements of the domesticat ed bird.
Jungle fowl are predominantly groundliving in tropical and tem perate scrub, forest or jungle habitats with ample overhead cover.
T he most common social organization is of one male with up to four females, though they form larger groups of around 20 birds in more open environments. Other males are either solitary or form unisexual groups of two or three birds. Mixed groups have a well-de®ned home range with a regular roosting locati on. Flocks spend the majority of the tim e (up to 75% of the day) foraging for seeds, fruits and insects. Maintaining the condition of the plumage through preening and dust-bath ing is also a tim e-consuming daily activity. T he breeding season varies according to the position within the species range, but is generally in the spring in temperate zones and all year round in tropical areas. Courtship is complex and includes a chain of stimulus±response patterns, initiat ed by the male, which ensures that the fem ale is receptive. Five to eight eggs are laid in a well-disguised hollow, sometim es lined with grass or leaves. Soon after hatching, chicks im print on the mother and all leave the nest site. Hens cease to be broody and drive the chicks away when they are 6±8 weeks old.
Housing and space requirements
Be h a vio ura l c o nsid e ra tio ns: Behaviours that are most important to domestic fowl appear to be nesting, perching and using litter for scratching, pecking and dust-bathing (FAWC 1997 ) , so birds should be housed in¯oor pens large enough to permit all of these behaviours whenever possible. Laying hens have a very high demand for a litter substrate (Gunnarsson e t a l. 2000 ) so they should always have access to a solid¯oor or resting area with substrate. Minim um space allowance will depend on which activities are considered important for the birds to be able to express. Domestic fowl are highly motivated to perform`comfort behaviours' such as wing¯apping, feather ruf¯ing and leg stretching, which help to ensure strong leg bones (Knowles & Broom 1990 ) .
Spa c e re q uire m e nts: T he European Convention and Directive guidelines for caging domestic fowl (Council of Europe 1986, European Community 1986) allow 650 cm 2 per bird for groups of three birds or more with body mass 1800±2400 g. Six large fowl could therefore legally be kept in an area 45 cm high and approximately 50 cm680 cm. T his would not be suf®cient to permit a range of normal behaviours or the provision of a good qualit y environment (see Section 19.5.2 ). UK Home Of®ce minimum guidelines allow a slightly larger area, but in practice birds are often allowed more¯oor space, especially when group-housed in large pens (see Table 3 ).
If birds must be caged, e.g. where a study requires the collection of faeces, they should be housed in modi®ed cages designed to address behavioural requirements (Sherwin 1994) rather than in`battery' cages. Standard cages with a height of 40 cm prevent many comfort behaviours, and so cage heights that prevent full extension of the head and wings should be avoided. Adult birds will require at least 2000 cm 2 for the expression of comfort behaviours (Dawkins & Hardie 1989 ) . Clearly, small birds and chicks would be able to express all comfort behaviours in smaller areas.
T he requirement for an extensive area appears to be important in two contexts. First, in the early stages of pre-laying behaviour, hens with access to a suitable nest site show increased walking and exploration in larger areas rather than smaller ones. If access to the nest is denied, hens develop stereotypic pacing, suggesting that locomotory motivation is thwarted (Duncan & Wood-G ush 1972 ) . T hese ®ndings suggest that hens may be motivated to walk and explore the environment during the early stages of pre-laying behaviour. If so, then a con®ned area such as a cage is unlikely to meet these requirements and may account for the unusually high number of nest entries sometimes observed in cages with nest sites. Secondly, studies on spacing suggest that there are social att racti on and repulsion forces (e.g. Keeling & Duncan 1989 ) . In small pens, birds may be motivated to achieve appropriat e spacing, but be physically prevented from doing so. It is likely that the failure to express this motivati on gives rise to social stress. As there is an incomplete understanding of the minimum space requirements of group-housed birds, the Working Party suggests that a minimum pen should be a maximum of three males). Group size, density and the quality of the environment have complex effects on behaviour and the occurrence of deleterious behaviour patterns.
As a general rule, aggression should be rare and all birds should move around the entire pen and display a wide range of activities. N/Aˆnot available S1:78 BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Re nement
size of 2 m 2 should be provided for all grouphoused dom estic fowl.
Fe e d ing b e h a vi o ur a nd pe rc h ing spa c e :
Domestic fowl show diurnal rhythm s in feeding behaviour, with peaks in feeding usually at the beginning and end of the light period. Addit ionally, the sight and sound of a feeding bird triggers feeding behaviour in others, and so it is likely that at certain times of the day all birds are motivat ed to feed. T he provision of insuf®cient feeder space for all birds to feed synchronously is likely to be deleterious to the well-being of displaced birds. A minimum of 15 cm of feeder length per bird should be provided to allow birds to feed synchronously. Similarly, the minimum perch space required per bird will depend on bird size, but most adult birds require at least 15 cm of perch per bird.
Recommendations:
Provide suf®cient space to allow expression of all comfort behaviourÐgenerally, at least 2 m 2 of¯oor area for group-housed birds and a height that allows complete extension of the head. House birds in pens wherever possible; if cages must be used then ensure that modi®ed cages are used as opposed tò battery' cages. Provide at least 15 cm of perch and feeder space per bird to allow them to perch and feed synchronously.
Ph ysic a l e nviro nm e nta l c o nd iti o ns
Hygie ne : It is important for the animal house to have high levels of hygiene prior to the introduction of fowl (see Section 11.2.1 ).
Once it is populated, regular removal of droppings is essential to reduce the risk of disease and the build-up of noxious gases such as ammonia. T he frequency of cleaning out will depend on many factors such as the type of housing and stocking density. Droppings that accumulate in trays away from the birds should be cleaned once or twice a week and certainly before ammonia levels rise to undesirable high levels. In large-sc ale facilities, levels of gases should be monitored once a week or more frequently. Floor litter should be kept at least 10 cm deep and replaced at intervals that ensure it is always dry and friableÐpreferably once weekly.
Te m pe ra ture : Domestic fowl can maintain body temperature over an ambient temperature range of around ¡ 1 to 37 C (Esmay 1978 ). However, the optimum ambient temperature for keeping adult birds is 16±24 C. Variations great er than 5 C from the optimum temperature are generally avoided in a commercial environment as there is great er food consumption at low tem peratures and lower egg production and growth at high temperatures. Domestic fowl fed a d li b itum can withstand a wide range of temperatures (FAWC 1997 ) , but rapid changes in am bient temperature throughout the pen should be avoided as fowl are unable to adapt to them.
Ve ntil a tio n a nd re la tive h um id ity: Although the rate of accumulation of dust and ammonia in the air will depend on many factors, including the housing system and stocking density, effective ventilation is required to maintain low dust and am monia levels for the well-being of both birds and staff. A range of about 40±80% humidity is recommended (Sainsbury 1992 ) . Outside this range the risk of respiratory infections is increased, and high humidity should be avoided at high ambient temperatures as body heat is dispersed less ef®ciently. 
Rearing
Enviro nm e nta l c o nd it io ns: T he environment provided soon after hatching is extremely important to ensure survival of the precocial chicks. Room temperature for one-day-old chicks should be 25±30 C, with a temperature of 35 C under the brooder lamps. Both the ambient temperature and temperature under the lamps should be decreased by 3 C weekly until chicks are 3 weeks old (Sainsbury 1992). Alternatively, air heaters that provide a temperature of 31 C at one day old, decreasing by 0.5 C a day until a temperature of 18±21 C is reached, are also suitable. Monitoring of movement and activity throughout this period should be undertaken as it can provide an early indication of problems. For example, reluctance of chicks to move away from under the lam ps may indicate that the house temperature is too low, and if not corrected can lead to deaths from starvation. Also, chicks who cannot move away from excessive heat will suffer from overheating (hyperthermia) and may dehydrat e and die.
Fe e d ing a nd pa re nta l c a re : Chicks are sustained by yolk reserves until 3 days of age, and much of the exploratory pecking during this time is essential for the development of eating and drinking and the ability to identify suitable food and water sources. Providing the appropriate stim uli for the development of these responses is thus vital for the chicks' survival. One way to ensure chicks learn to feed and drink is to im print a small number of them to the mother or a broody hen. To achieve ®lial imprinting, chicks should be exposed to the hen between 12 and 24 h posthatching (Rogers 1992 ). Monitoring is essential during the early post-hatc hing period to determ ine that the hen is indeed broody, as non-broody hens may kill chicks. If a mother is not provided, it is important to ensure that chicks can readily obtain access to food and water. Wat er should be provided in chick drinkers or other small drinkers that allow chicks to see the water but not fall into it. Additionally, allowing chicks to feed and drink in view of each other encourages feeding and drinking in all chicks through social facilitation. If chicks are reared in isolation, or if it appears that a group is not feeding, it is necessary to stimulate pecking by tapping a stick or pencil on food grains in front of the chick. Increasing the contrast between the food grains and the bac kground, such as by placing food on white paper, increases the effectiveness of this act ion.
Recommendations:
Regulate ambient temperature carefully in the ®rst 3 weeks of life. Observe chicks regularly for signs of inactivity that may indicate an incorrect room or brooder lamp temperature. T ry to rear chicks with their mother or another broody hen if possible, but monitor closely during the early posthatching period as non-broody hens may kill chicks. Take great care to ensure that chicks reared without a hen start feeding and drinking before 3 days of age.
Diet
Domestic fowl should be fed on appropriate commercial diets, tak ing care to monitor their growth and development. Nutrient content, food quality and feeding regimes must be carefully controlled to prevent leg abnorm alities and other health and welfare problem s associated with rapid growth rates S1:80 BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Re nement 
Environmental stimulation
Domestic fowl in commercial¯ocks are often housed in extremely barren environments that seriously limit their abi lity to exercise and to express a range of natural behaviours. T he Working Party believes that this does not justify inadequate housing and husbandry in the laborat ory and that fowl should be provided with a good quality and quanti ty of space wherever they are kept (Ho Èfner e t a l. 1997 ). For guidance on appropriate environmental stim ulation for fowl, see Ho Èfner e t a l. (1997 ), Animal Welfare Inform ation Center (1995 ).
Fo ra gin g b e h a vio ur a nd¯o o ring sub stra te
When kept on loose substrate, domestic fowl spend about one-third of the day performing foraging behaviour, i.e. pecking and scratching the ground. Motivati on for this behaviour appears to be high, as fowl will forage for feed rather than eat identical feed that is freely available (Duncan & Hughes 1972 ) and, when given the choice, strongly prefer litter to a wire¯oor (FAWC 1997 ) . Fowl kept on a wire¯oor may express their motivati on to forage through food manipulati on with the beak and through feather pecking, which represent severe welfare problem s. T he incidence of feather pecking is signi®cantly lower when litt er is provided (Blokh uis 1989 ) , so fowl should preferably be kept in pens with a loose substrate such as sand, soft wood shavings or straw. In these conditions it is im portant to replace the litter frequently to remove droppings and reduce the risk of disease. Activities such as dust-bath ing require a considerable amount of space as birds tend to roam some distance when foraging and bath ing. If birds must be kept in cages, it is advisable to provide a solid area with loose substrate covering at least one-third of the¯oor area to allow some expression of foraging behaviour. Several cage designs have been developed that incorporate such an area (see Sherwin 1994 ) . Many modi®ed cages also provide a perch and nest box that allow much of the natural behavioural diversity of the domestic fowl and provide an alt ernati ve method of housing if very hygienic conditions are required. However, measures that reduce feather pecking may be necessary, such as providing objects for pecking (e.g. Pecka-Bloc ks, Breckland International Ltd, UK) and temporarily or periodically lowering the light intensity. It is advisable to use systems that have been extensively developed and tested, as deaths due to trapping are common in many early designs. If there are sound scienti®c reasons for not providing a solid area with loose substrate, toys or other items such as rope, turf or straw should be provided for pecking.
Recommendations:
Provide a loose substrate such as sand, wood shavings or straw for the expression of foraging and dust-bathi ng behaviour. Use modi®ed cages if very hygienic conditions are required, with at least onethird of the¯oor as a solid resting area with substrate. Always supply items for pecking if solid areas and substrat e cannot be provided.
G o o d q ua lity e nviro nm e nt
Pe rc h e s: Fowl have feet that are anatom ically adapted to close around a perch when they sit, and feral and wild birds spend a large amount of time perching on branches. In captive environments with lim ited perch space, fowl struggle vigorously to obtain and keep perching space despite severe crowding, which indicates a high motivation to do so.
Perching also provides welfare bene®ts such as increased leg bone strength, reduced aggression and improved foot and plumage condition. Any deleterious effects of perching, such as bum blefoot or keel deform at ion, are due to poor perch design or positioning (Baxter 1994 ) . Domestic fowl should therefore always be provided with the opportunity to perch, so at least 15 cm should be available to each bird. Perches should have a¯at top about 3±4 cm Laboratory birds: re nements in husbandry and procedures S1:81
Laboratory Animals (2001) 35 (Suppl. 1) wide, as round perches can increase the incidence of keel deformation (Duncan e t a l. 1992). T he optimum height above the¯oor varies for different breeds and housing conditions (see also Lambe & Scott 1998 ), although layers can generally reach higher perches than broilers. One way to determine if perch height is suitable is to brie¯y observe birds during lights-off. Generally, all birds will roost on perches unless they are too high.
Ne st b o xe s: Pre-laying behaviour occurs between 20 and 120 min before oviposition and starts with searching behaviour that leads to selection of a nest site and nest building. Domestic hens are strongly motivated to obtain a suitable nest site (Cooper & Appleby 1994 ) and becom e frustrated and develop stereotypic pacing if deprived of access to one (Duncan & Wood-G ush 1972) . Physiological stress arising from the fail ure to ®nd a suitable nest site can lead to the egg being retained and`dropped' lat er in the day without pre-layi ng behaviour. T hese eggs have a dusted or banded appearance, arising from extended calci®cation, and are a good indicator of stress during the pre-laying period. Laying hens should therefore have access to nest boxes from at least 16 weeks of age. Although the exact nest site requirements of individual hens vary considerably, an enclosed individual nest box is satisfactory and highly preferable to most hens. Nest boxes should preferably be littered, enclosed and allow one bird to turn around. Hens are motivated to examine nest sites in the weeks before they come in to lay and allowing them to do so increases later use of the nest box (Sherwin & Nicol 1993 ) . A loose substrate such as wood shavings or straw is also important and allows complete expression of nest building activities. An astroturf¯oor is also suitable though less preferable to the birds.
Recommendations:
Provide suf®cient¯at perches for all the birds to roost at the sam e time and at an appropriat e height. Encourage nest building by providing nest boxes and suitable substrate.
Exam ine eggs for a dusted or banded appearance, which reveals that the hen was stressed during pre-laying behaviour.
G ro up size a nd c o m po sit io n
T he domestic fowl is a highly social species and forms groups with stable hierarchies under appropriate conditions. Although there is currently no evidence to suggest that fowl suffer in isolation, they prefer familiar birds to an empty cage and it is perhaps preferable not to house birds in isolation if possible. T here is probably no optim um group size, though generally small groups of around 5±20 birds are favourable as there is less aggression and stress than in larger sized groups. Keeping birds in large groups should be avoided as they are usually unable to form a hierarchy in groups of larger than 60 birds. Mixed sex groups should contai n few males (e.g. a ratio of 1: 5) to avoid excessive competition between them. In the wild, fowl form groups of mixed sex. It appears that the males are motivated to be with females, rather than the reverse. Female groups with a small number of males may have lower aggression than groups of fem ales only. However, the addition of males to a group of females may increase social stress if there is insuf®cient space. Get-away cages provide birds with sites for avoiding aggressive persecution but generally do not lower aggressive interactions. Repeated aggression towards subordinate hens showing pre-laying behaviour is often observed in environments without nest sites, suggesting that such persecution is triggered by restlessness. At present, it appears that the best method to eliminate aggressive persecution is through provision of an appropriate environment and careful consideration of group size and composition.
Recommendations:
Keep fowl in small groups, with relatively few mature males in mixed sex groups. Provide a complex and interesting environment and consider group size and composition carefully to reduce the risk of aggression.
19.5.4`Na tura l' c o nd iti o ns
Both Jungle and feral fowl maintain plumage condition by dust-bath ing dai ly. Dustbathing removes excess and stale lipids and has clear bene®ts for feather condition.
Besides the obvious physical bene®ts, motivational studies have also indicated that dust-bathin g is pleasurable to fowl (Widowski & Duncan 2000) . Domestic fowl have a preference to dust-bat he on sand, though wood shavings and other¯oor litter are also suitableÐparticle size is of greater importance than substance.
Recommendation:
Provide sand or another suitable substrate (e.g. wood shavings) for dust-bathing.
Training and rewards
Domestic fowl can be trained to perform various task s for food rewards, but training should be devised with care as excessive repetition can lead to species-speci®c behaviour that will interfere with the task being learned. For exam ple, aft er repeatedly receiving food rewards birds will start pecking and scrat ching the ground rather than doing the task. Mealworms can be given as rewards (alt hough naõ Ève birds may reject them ) and fowl also enjoy drops of water in their food.
Recommendations:
Design training programmes carefully so that desired behaviours are reinforced. Reward birds with mealworms and/or water in their food.
Potential health and welfare problems
Fe a th e r pe c k in g: T his is a serious welfare problem that can lead to more severe injurious pecking and mortality. Although it is less likely in small groups with access to litter and other pecking substrates, it may still develop for seemingly inexplicable reasons. Lowering the light intensity or changing the light colour to blue, red or green, providing alt ernative pecking substrates and spraying birds with a noxious tasting (but non-toxic ) substance may reduce the incidence of feat her pecking once it has developed. If, for experimental reasons, domestic fowl are to be kept in an environment where severe feather pecking is likely to occur, it is advisable to use strains that have been selected to show little feather pecking (Kjaer & Sorensen 1997 ) . It is therefore important to research each strain thoroughly when planning projects. Beak trimming or tipping are commonly used, or`spectacles' ®tted, if feather pecking or cannibalism become a problem in commercial situations. T hese procedures can cause both acute and chronic pain and should never be undertaken without strong justi®cat ion. Appropriate anaesthesia and analgesia must also be administered (see Section 11.2.3 ).
Recommendations:
Choose strains that are known to exhibit a low incidence of feather pecking. Keep birds in small groups with access to litter and pecking substrates. T ry lowering light intensity or spraying birds with a noxious tasti ng substance. Only beak trim as a last resort (do not debeak ) and use appropriate anaesthetics and analgesics.
Be h a vio ura l fru stra ti o n: Severe frustration, usually expressed as pacing and aggression, is widespread in some environments and is indicative of compromised welfare. Frustration commonly arises from the failure of laying hens to ®nd a suitable nest site in the pre-layi ng period. To prevent behavioural frustration, the necessary stimuli for the full expression of behaviour patterns should be provided (such as a nest box for pre-laying behaviour and/or litter for foraging behaviour).
Recommendation:
Provide a nest box and litter for laying hens.
Re stric te d fe e d ing: Although food intak e varies across different housing systems, it is generally not necessary to restrict the food intake of fowl. One exception is for broiler breeders who, because of the selection for Laboratory birds: re nements in husbandry and procedures S1:83
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